A rare, but important, complication of mitral valvotomy for mitral stenosis is the development of tricuspid incompetence (Mounsey, 1957). The syndrome may be defined as permanent tricuspid incompetence, coming on in the immediate post-operative period, after a successful mitral valvotomy, without any obvious cause for sudden right heart failure, in a patient who had never had tricuspid incompetence before operation, or in whom it had been transient or of slight degree. In this paper an account is given of the syndrome, with a discussion of its mechanism, treatment, and prognosis.
largely due to a dilated right atrium and with the exception of these two who had slight tricuspid incompetence before operation, none had enlargement of the right atrium before operation.
The electrocardiogram showed evidence of considerable right ventricular preponderance in two patients and moderate preponderance in the third, the figures for whose pressures at catheterization have already been given. Of the three in sinus rhythm before operation, two merely showed bifid P waves of the type commonly seen in mitral stenosis, with, in addition in one, prolongation of the P-R interval to 03 seconds. One, however, showed tall spiked right heart P waves, which were thought later to be evidence of tricuspid stenosis.
Slight pre-existing tricuspid incompetence was seen in two patients. Both showed enlargement of the right atrium before operation (Fig. 1) . In one patient a cv wave in the jugular venous pulse FIG. 1 -Postero-anterior radiogram of the chest before mitral valvotomy. Marked enlargement of the right atrium. Signs of tricuspid incompetence slight before, and greater after, valvotomy.
was seen at one attendance only in the Out-patient Department, and had subsided when she was next seen. In the other the cv wave was brought out on exertion, but subsided with rest. Tricuspid stenosis of slight degree was probably present in one patient before operation, on the evidence of tall peaked right heart P waves in the electrocardiogram without right ventricular preponderance (Fig. 2) . The jugular venous pressure was slightly raised, although the a waves were not very large. Cardiac catheterization was not carried out on this patient.
THE DIAGNOSIS OF TRICUSPID INCOMPETENCE
Tricuspid incompetence was diagnosed on clinical grounds and no patient was examined after operation by cardiac catheterization or by dye dilution techniques. The clinical criteria were a positive cv wave seen on inspection of the jugular venous pulse (Fig. 3) ; enlargement of the liver with systolic pulsation; right atrial enlargement in the radiogram (Fig. 1) ; and a systolic murmur loudest at the lower sternal area. Least emphasis was placed on the systolic murmur, since in patients with a very severe degree of incompetence the murmur is sometimes trivial or absent. Deep inspiration usually served to accentuate the cv wave in the jugular venous pulse and the pulsation in the liver, and to increase the loudness of the murmur.
There were two other clinical signs, which were not constant, but were noticeable in some patients. First, a right ventricular heave due to increased right ventricular stroke output, consequent on the -backward flow through the incompetent valve. Secondly, a right ventricular diastolic thrust, due -to the surge of blood in early diastole from the right atrium into the ventricle, because of the high right atrial pressure at the end of systole in tricuspid incompetence (Mounsey, 1957) . This thrust was accompanied by the descent of the v wave in the jugular venous pulse, and sometimes also by an ,early diastolic murmur (Miiller and Shillingford, 1954) .
THE CLINICAL SYNDROME OF POST-OPERATIVE TRICUSPID INCOMPETENCE
The onset of tricuspid incompetence after mitral valvotomy was insidious, and there were usually -no accompanying subjective symptoms.
In five of the eight patients tricuspid incompetence developed about the fourteenth post-operative -day. In the other three, the date of onset was uncertain, but it was first noticed two months after operation in two, and one year after in the other.
The degree of incompetence varied: in six patients it was considerable, the systolic cv wave in the jugular venous pulse reaching the angle of the jaw: in the other two it was slight and only clearly seen in the jugular pulse after exertion, when the cv wave was 5 to 7 cm. above the sternal angle, with the patient laying at 45°. In all patients the liver was enlarged, being four fingers' breadth below the -costal margin in the two affected most severely, two to three fingers' breadth in the intermediate .group, and just palpable in the two with the mildest degree. Systolic pulsation of the liver was noted in every patient, of a degree parallel with the height of the cv wave in the jugular venous pulse.
Increase in size of the right atrium following mitral valvotomy was seen in six patients. This -was assessed in a postero-anterior radiogram: it was usually obvious six weeks after operation, when the pleural and pericardial effusions had absorbed, and did not appear to enlarge further in the ,subsequent follow-up period. The group.bmj.com on June 25, 2017 -Published by http://heart.bmj.com/ Downloaded from (Fig. 4) , while in the remaining two, it was only slight (Fig. 5) , which correlated well with the mild degree of incompetence in these two.
In the two patients with slight tricuspid incompetence before operation, the right atrial enlargement already present did not increase after mitral valvotomy with the development of increased incompetence.
Atrial fibrillation developed in the immediate post-operative period in the three patients with sinus rhythm before mitral valvotomy. In all three the onset of fibrillation preceded the development of tricuspid incompetence, since it occurred within the first ten days of operation, whereas tricuspid incompetence was never seen under a fortnight.
It was sometimes difficult to distinguish the onset of tricuspid incompetence from a post-operative pericardial effusion (Papp and Zion, 1956 ), for both complications may develop within the same post-operative period and both give rise to an increase in the jugular venous pressure. In the presence of a pericardial effusion the general level of the jugular venous pulse is raised, but the wave form appears normal. In tricuspid incompetence, on the other hand, the systolic cv wave form is abnormal, and this, combined with the accompanying systolic pulsation of the liver, is diagnostic of the condition. Another point, which sometimes helped to distinguish the two conditions, was the frequent presence of substernal pain and pyrexia and the characteristic generalized cardiac enlargement in the radiogram, when the signs indicated pericardial effusion. Where, however, both a pericardial effusion and tricuspid incompetence developed together after operation, as happened in two patients, it was difficult to be certain of the degree of incompetence, until the effusion had subsided.
PROGRESS AFTER OPERATION
In contrast with the obvious signs of tricuspid incompetence in the neck, the general progress after valvotomy has been good and the symptoms attributable to the tricuspid lesion few. Two of the patients have now been followed for four years since operation, two for three years, one for two years, two for one year, and one for six months. All are living and with one exception are in good health and are pleased that they had the operation. They feel that their breathing has been improved and, whereas previously they were very restricted in their activities, they are now able to lead useful lives, doing light household duties. Three complain of a feeling of fulness at times beneath the left costal margin, due to hepatic congestion, and these three need regular diuretics to keep them free from cedema. All the patients are digitalized, this being necessary in seven on account of atrial fibrillation.
Only one patient has deteriorated. At operation, a supple mitral valve was split, with enlargement of its long diameter from 1 cm. to 3 cm., but a small regurgitant flow was felt, which was unaffected by valvotomy. There was no clinical evidence of pulmonary hypertension, the heart was moderately enlarged (Fig. 4, A) Splitting of the mitral valve had been successfully performed in all patients in this group. All, except one, had tight stenosis before operation, the long diameter of the valve measuring about 1 cm., and the average diameter after valvotomy was about 3 cm. The patient without tight stenosis was found to have a valve with a long diameter of 2 cm., but splitting was specially successful in her case, and the surgeon reported a nearly normal valve with a long diameter of about 4 cm. after operation. Only one patient had calcification of the mitral valve and in this case it was slight and confined to the contact margins of the cusps and was unlikely to have interfered with the success of valvotomy. Slight mitral incompetence was present before operation in two patients, but was never the dominant lesion: in neither of these was it increased by valvotomy. In one patient, however, mitral incompetence was produced at operation, although only of slight degree.
Great cardiac enlargement was not a feature of the group, only two of the patients showing more than the average slight to moderate enlargement seen in patients selected for mitral valvotomy in this hospital. Recurrent attacks of congestive failure were seen in only two of the patients before operation. Pulmonary hypertension of severe degree was met in only two and of a lesser degree in a third. No patient had associated aortic valve disease of sufficient degree to prejudice the success of valvotomy, slight aortic incompetence being present in two only.
There seemed, therefore, to be no general cause, common to all patients, that might have been responsible for right heart failure and accompanying functional tricuspid incompetence after mitral valvotomy.
Having largely excluded functional tricuspid incompetence as the cause of the syndrome, local organic lesions of the tricuspid valve remained to be considered. Apart from two patients, in whom a pyrexia accompanied a large pericardial effusion, none had clinical evidence of active rheumatism in the post-operative period, such as a significant pyrexia, persistently raised sedimentation rate, or painful swollen joints. In the absence, therefore, of any general signs of active rheumatism, it seemed unlikely that acute tricuspid valvulitis, developing in the immediate postoperative period, could have been the cause of the syndrome.
Unmasking of pre-existing tricuspid valve disease as a result of successful mitral valvotomy was the final possibility examined. After successful relief of tight stenosis by mitral valvotomy, the stroke output of the left ventricle is probably increased as a result of improved left ventricular filling (Dickens et al., 1957) . The right ventricular stroke output is increased pari passu, and the diastolic volume of the right ventricle is enlarged to deliver this increased output. It is likely that the tricuspid ring dilates as well as the body of the ventricle in this process, and thus, a previously scarred, but competent, tricuspid valve might be rendered incompetent. The very success, therefore, of mitral valvotomy may itself unmask a previously latent tricuspid valve lesion.
Slight scarring of the tricuspid valve without clinical evidence of incompetence or stenosis is not an uncommon finding at autopsy in patients with mitral stenosis. Gross and Friedberg (1936) found microscopical evidence of rheumatic inflammation in the tricuspid valve almost as often as in the mitral valve, but noted that significant incompetence or stenosis was uncommon. Evans (1956) states that tricuspid valve disease is present in about one-fifth of patients with rheumatic heart disease, but that clinical diagnosis is possible only in about one-tenth. In the less severe cases, the anatomical damage to the valve amounts to little more than thickening of the edges of the cusps, with consequent slight reduction in their width, and in addition some shortening of the chordc tendinee. It may well be that such a valve, although capable of functioning normally under conditions of low stroke output imposed upon it by mitral stenosis, becomes incompetent after relief of mitral stenosis, when a more normal and flexible cardiac output becomes possible. Hollman (1957) has shown that the tricuspid valve is specially prone to become incompetent owing to its tri-foliate structure.
In support of this suggestion may be cited the three patients, who had signs suggesting a minor tricuspid valve lesion before mitral valvotomy, there being evidence of slight tricuspid stenosis in one and of slight incompetence in the other two. Two had had a very successful mitral valvotomy, the long diameter of the valve being enlarged from 1 to 3 5 cm. in one and from 2 to 4 cm. in the other: in the third patient valvotomy was less complete, the final diameter of the valve measuring 2-5 cm. All three have now developed gross tricuspid incompetence, the cv wave in the jugular venous pulse being 10 to 12 cm. above the sternal angle with the patient lying at 45°. Whereas before mitral valvotomy the tricuspid valve functioned nearly normally in these patients, after successful mitral valvotomy with resultant increase of the stroke output of the heart from a relatively low to a more normal level, permanent and gross tricuspid incompetence followed.
Finally, the high incidence of atrial fibrillation, in this group of patients after operation, suggests that fibrillation predisposes to the development of tricuspid incompetence. Seven of the eight patients were in atrial fibrillation after operation, five having been fibrillating before operation and two developing permanent fibrillation after it. Goodwin et al. (1957) pointed out that, in patients with tricuspid stenosis, associated tricuspid incompetence appeared to increase after the onset of fibrillation. With one exception, none of our patients had clinical evidence of tricuspid stenosis before mitral valvotomy, but it may be that rheumatic scarring of the valve without actual stenosis predisposes similarly to incompetence, when fibrillation develops. Thus, a third factor may be added to the cause of this syndrome, namely atrial fibrillation supervening in a patient with slight scarring of the tricuspid valve, following a successful mitral valvotomy.
SUMMARY
An uncommon though important complication of mitral valvotomy for mitral stenosis is described. Permanent tricuspid incompetence comes on soon after a successful mitral valvotomy, without any obvious cause for sudden right heart failure, in a patient in whom tricuspid incompetence was absent or only transient or of slight degree.
In spite of the development of tricuspid incompetence, the general progress after mitral valvotomy is favourable. 
